The sandstone succession in the lower 240 meters of DSDP Site 445, on the Daito Ridge (Figure 1 ), provided an opportunity to evaluate the effect of burial diagenesis of sandstones in a deep hole in a tectonic environment (remnant arc) characterized by a history of high heat flow. This report provides preliminary data concerning the petrology and diagenesis of these sandstones and records diagenetic changes which have occurred with increasing depth of burial. Depths from which our samples were obtained are shown in Tables 1 and 2 .
INTRODUCTION
The sandstone succession in the lower 240 meters of DSDP Site 445, on the Daito Ridge (Figure 1 ), provided an opportunity to evaluate the effect of burial diagenesis of sandstones in a deep hole in a tectonic environment (remnant arc) characterized by a history of high heat flow. This report provides preliminary data concerning the petrology and diagenesis of these sandstones and records diagenetic changes which have occurred with increasing depth of burial. Depths from which our samples were obtained are shown in Tables 1 and 2 .
Methods used for this study included grain-size analysis (measured from thin sections using the method of Friedman, 1958) , polarizing microscopy, X-ray diffraction, and scanning electron microscopy. A JEOL scanning electron microscope fitted with an energydispersive-X-ray detector was used for obtaining qualitative chemical data on certain minerals to aid in identification. Table 1 summarizes the grain-size distributions determined from thin-section analysis (after Friedman, 1958) . Most samples are unimodal, except for conglomeratic sandstones and those sandstones containing a relatively large volume of clasts of the larger foraminifer Nummulites boninensis. Median diameters range from 0.125 to 2.0 mm in sandstones; higher median diameters occur in two samples of conglomeratic sandstone. Table 2 summarizes modal analyses of 27 samples which were used in this study. A total of 320 points were counted for each slide. Detrital grains include recognizable volcanic-rock fragments (plagioclase phyric basalt, aphyric basalt, andesite, and microdolerite), plagioclase, limestone rock fragments ("lumps" of some classifications), fragments of the larger foraminifer Nummulites boninensis, other foraminifers, augite, olivine, clinopyroxene, and accessory chert.
GRAIN-SIZE DISTRIBUTION

SANDSTONE MINERALOGY AND PETROLOGY
Devitrified volcanic glass was encountered in the upper part of the section. Scattered fragments of siltstone were encountered in one sample, and oolites were observed in another. Fragments of pelecypod shells were found in two samples.
These sandstones were poorly cemented in the upper part of the sandstone section, being cemented only by a rim cement consisting of smectite (Figures 2 and 3 ) and, in one instance, mordenite (Figure 4 ). Smectite was identified by optical mineralogy (Figure 2 ), scanning electron microscopy ( Figure 5) , energy-dispersive-X-ray analysis (Figure 6 ), and X-ray diffraction. Table 3 summarizes the major-element composition of smectite and mordenite from selected samples. These relative abundances of elements are consistent with the morphological, X-ray, and optical identifications. Mordenite was observed in one specimen ( Figure 4 ) and identified by the same methods; the relative abundances of elements are consistent with the known chemical composition of this mineral (Deer et al., 1966) .
At greater depths, the sandstones were cemented also by clear sparry calcite (Figures 7 through 12 ). Authigenic components include calcite replacing both volcanicrock fragments and plagioclase ( Figure 13 ) and chert replacing volcanic-rock fragments (Figures 14 and 15) , plagioclase, and calcite.
PROVENANCE AND DIAGENESIS
Provenance
The grain components of the sandstones can be grouped into two classes: carbonate shelly debris, and volcaniclastic components including volcanic rock fragments and highly refractory minerals (augite, pyroxene, olivine). The position of Site 445 in a small basin on the flank of the Daito Ridge, a remnant arc, suggests that the arc was the source of these components. Dredge hauls in the Daito Ridge area by Mizuno et al. (1975) and Shiki et al. (1974) indicate that the ridge is composed of volcanic rocks of the type represented in the volcaniclastic components, which confirms this interpretation.
The carbonate fraction is dominantly of shallowwater derivation. The fragments of the giant shallowwater foraminifer Nummulites boninensis indicate transfer of material from shallow water, presumably a coastal strip along the former arc. Other carbonate components also clearly indicate derivation from shallow water along the former arc; these include fragments of pelecypods, micritic and bioclastic limestone, and oolites. These materials presumably were transported by turbidity currents; many of our sandstone samples were obtained from graded intervals which show partial or complete Bouma sequences. (See Site 445 report and other sedimentological studies in this volume.)
In summary, the sandstones at Site 445 were derived from an active island arc (now a remnant arc, Daito Ridge). 
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Diagenesis
Examination of the authigenic mineral components and cements (Table 2) indicates that diagenetic changes are related to depth of burial. Thin section and SEM study.revealed that the earliest authigenic mineral phase is smectite, found as rim cement (Figures 2, (7) (8) (9) (10) (11) (12) and mordenite ( Figure 4 ). Smectite rim cementation is first observed in sandstone from a sub-bottom depth of about 645 meters. At a sub-bottom depth of 700 meters, two additional changes are observed: recrystallization of carbonate grains, and the development of pressurewelded, embayed grain contacts in limestone fragments. At a depth of 735 meters, sparry-calcite pore-filling cement, completely filling original pore space, is first observed; this change persists downhole (Figures 7-12) . At 745 meters, calcite has replaced both plagioclase ( Figure  13 ) and volcanic rock fragments; this replacement is observed also in one or two grains from higher samples. At 750 meters, chertification of volcanic-rock fragments becomes dominant (Figures 14, 15) . Below 810 meters, recrystallization of calcite cement is common.
These depth-dependent diagenetic changes are summarized in Figure 16 .
PRELIMINARY CONCLUSIONS
The sandstones in the basal portion of the sequence at Site 445 consist of dominant grain components of andesitic volcaniclastic fragments and of fragments of lar- ger foraminifers. These sandstones were derived from an island-arc source, and a shallow-water setting. Transport of this sediment was by gravity processes, mostly turbidity currents, debris flow, and slumping. Down-hole, progressive changes occur in the appearance of authigenic components. These include initial rim cementation of grains by smectite and mordenite, subsequent pressure welding and pore-space reduction, and later pore-filling by sparry-calcite cement. Down-hole, carbonate materials were observed to recrystallize with depth. Carbonate minerals replace plagioclase and volcaniclastic rock fragments with increasing depth. The last replacement event to occur that is also depth-dependent is the chertification of recognizable rock fragments; this replacement increases in frequency down-hole.
These vertical changes are clearly a function of depth of burial. The effect of high regional heat-flow values could not be evaluated, because of lack of temperature data from the drill site.
ACKNOWLEDGMENTS
Financial support for the laboratory phase of this study came from a grant awarded by the University of Illinois Research Board. Division of labor on this project is as follows: Grain-size study was completed by Harris and Steffensen; scanning electron microscopy and energy-dispersive-X-ray analysis was completed by McConville; and petrology and diagenesis were completed by Klein. D. D. Ebert kindly made the X-ray identification of the rim-cementing minerals. E. D. Pittman and F. G. Ethridge reviewed an earlier manuscript version of this paper. Other Foraminifers _ 2.6 -1.0 1.6 3.9 1.9 4.2 3.6 2.6 0.3 -0.9 0.7 - 
